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PRELIMINARY EXPERIMENTAT, INVESTIGATION OF A VARIABLE-ARFA,
VARIABLE-INTERNAT.-CONTRACTION ATR INLET AT MACH
NUMEBERS BETWEEN 1.42 AND 2.hh

By Richard Scherrer and Forrest E. Gowen
SUMMARY

A preliminery investigation of a variable-ares, variable-internal-
contraction air inlet was conducted at Mach numbers from 1.42 to 2.4k,
All tests were performed with the model at zero angle of attack. The
Reynolds numbers of the tests based on inlet width ranged from 0.kxloe
to 1.6x10%. The total pressure recovery after supersonic compression,
the total pressure recovery at the exit of the subsonie diffuser and the
pressure distribution along the diffuser walls were measured. The inlet
was tested with both rectangular and modlfied internal cross sections.
The meximum total pressure recovery obtained for the design range of Mach
numbers was sufficiently near that obtained with other veriable inlets
to warraent further investigation.

INTRODUCTION

It is necessery for some aircraft to operate efficlently et a variety
of Mach numbers and over a wide range of altitudes. These aircraft, to
attaln the meximum net propulsive force, require some form of wvariable
inlet. A number of variable inlets have been proposed (refs. 1 through
10) and sufficient experimental data sre available to sllow the designer
to make detalled evaluations of most of these inlets. ILittle data are
avallable, however, for inlets having both the inlet area and the con-
traction ratio independently variable. Since such inleits in theory have
as good or better pressure recovery and less spillage drag than other
variable Inlets, experimental investigations are warranted.

UNCLASSIFIED
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The purpose of the present investigation was to determine the pres-
sure recovery of one varisble-internal-contraction inlet for a variety of
entrance areas and contraction ratlos. These data and the fact that the
mags-flow ratlo can always be mailntained at unity for practical operatlonal
conditions are sufficlent for evaluation of the net propulsive force of an
engine installation employing such an inlet. The inlet selected for test
had rectanguler cross sections, varlsble entrance ares, varigble internal
contraction, and sharp lips.

SYMBOLS

A * 1nlet cross-gectlonal area, sq in.

L. © Inlet 1ength from leading edge of slde plate *to rake statlion, in.

m inlet mass-flow rate, slugs/sec

M. Mach number

P statlic pressuré, 1b/sq in,.

pt: “total pressure; 1b/sq in,

q dynamic pressure, 1b/eq in.

R . Reynolds number based on duct Wiqﬁh

x longitudinel distence from 1eading edgé of-side plate, in.

y distance from fixed plate to movable flap (fig..l), in.

Yig equlvalent throat height, throat area/throat width, in.

5 diffuser flap angle, deg —

eé equivalent conical subsonic diffuser angle,.deg
Sﬁbscripts

o free-stream conditions at entrance to inlet

1 inlet throat station

2 . - d1ffuser exit station

av average
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a _ subsonic diffuser £lap
£ front flap
igen conditions for isentropic flow

APPARATUS AND TESTS
Wind Tunnels

The first tests of thls investigation were performed in the Ames 8-
by 8-inch supersonic wind tunnel. This tunnel is a cantinuous-operation,
atmospheric-discharge wind tunnel equipped with an asymmetric sliding-block
nozzle for varying the test-sectlon Mach number. Tests were performed at
a Mach number of 1.90 and az Reynolds number based on inlet width of
1.60x10%. A detailed description of the tunnel and its auxiliary equipment
is presented in reference 11.

Since tests at Mach numbers less than 1.90 could not be run in the 8-
by 8-inch wind tunnel due to tunnel blockage by the model and 1ts supports,
a gecond sgeries of tests was run In the 1l- by 3-foot supersonic wind tun-
nel No. 1. This wind tunnel is a continuous-operatlion, variable-pressure
wind tunnel equipped with flexible top and bottom pletes for varying the
test section Mach number. Tests at free-stream Mech numbers of 1.42, 1.75,
and 2.4t were made at & Reynolds number, based on inlet width, of about
0.82x10®. Tests at a Mach number of 1.99 were made st Reynolds numbers of
0.40, 0.8h4, and 1.10x10°.

Model

The model was designed to allow operation as a normal-shock inlet, and
at the design Mach number of 2.0, as a three-shock Inlet. The two-
dimensional, three-shock configuration for optimum pressure recovery gt the
design Mach number was selected snd i1s shown in the following sketch:
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Normal shock
ot throat
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A great number of shock configurations other than that shown In the
sketch could be obtalned both at the design and at off-design Mach numbers,
because the entrance and throat areas could be controlled independentlye.
This permits the experimental optimum shock configuration to be determined
et each Mach number. At Mach numbers below about 1.5 the inlet was assumed
to operate as a varlable-entrance-area, normal-shock inlet.

The flow requirements of an exlsting turbojet engine were used to
determine the ranges of entrance to throat area variations that were
employed in the mechanical design of the model. These ares ratios and
the shock configurastlion for optlmum pressure recovery at the design point
(which specifies the sngle of the front fiap) determine the length of the
front flep. The length of the rear flap was selected so that the meximum
divergence angle gt the design condition was about 6-1/20. Thig angle was
congidered to be a reasonsble compromlse between the requirements of min-
imm flap length (to minimize weight) and of meximum subsonic diffuser
efficiency.

A sketch of the model and instrumentation is shown in figure 1.
Flap control mechanlisms were so arranged that the position of either flap
could be changed during a test. Throat helghts from 1.0 to 1.58 inches
end 1lip helghts from 1.0 to 2.1 inches were provided. The variations of
front flap angle and entrance area with throat height for various con-
traction ratios are shown in figure 2.

Near the end of the test program two modifications consisting of
inserts as shown in figure 3 were made to the model. The purpose of
these inserts was to cause a more uniform rate of pressure rise. The
fillets, in addition, reduced the wetted area slightly for a given con-
traction ratio. The curve of longitudinal distribution of cross-sectional
area wlth the wedge insert installed was composed of linesr segments, as
were the distributions for the unmodified model. ({These distributions
are directly obtainable from the model dimensions, figs. 1 and 3.) The
addition of flllets caused only a slight devliation from linearity. The
changes in the subsonic diffuser which occurred wilth varying throat helght
for both unmodified and modified models are shown in figure 4.

Instrumentation

The model was Iinstrumented as shown in figure 1 to give static-
pressure distributions along the ‘top plate and on one plde plate. The 16
uniformly spaced total-pressure tubes located at the rake statlon were
used to obtain the total-pressure distribution end were averaged to obtain
the effective pressure recovery. Mass-flow rates through the model were
measured with an ASME oriflice meter located as shown 1n figure 1 as well
as from calculations of the entering mess flow based on free-stream con-
ditions and entrance area. In general, the two methods agreed within
1-1/2 percent. Drag data were not obtained with the present model.
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Test Procedure

The test procedure for a given wind-tunnel setiing (i.e., Mach num-
ber and Reynolds number) and a given throat setting of the model involved
two separate operstions, namely, the determination of the maximum con-
traction ratioc Por supersonic inlet flow and the determination of the
maximum pressure recovery for each throat height. With a given throst
setting and minimm back pressure (normal sheck downstream of the throat)
the front flap was moved so that the entrance opened slowly to a point
where the shock would pop out if the flap were opened further. The
resulting entrance-to-throat-area ratio was denoted as the maximum con-
traction ratio for that particular set of test condltions. For this flap
setting the back pressure was then increased by closing the throttle valve
slowly, csusing the normal shock to move upstream toward the throat.
Static-pressure distributions and total-pressure recoveries were recorded
for seversl positlons of the normal shock. Typlcal statlc-pressure dis-
tributions for different shoeck positions are shown in the sketch below
2long with the corresponding pressure recoverles. Included in the sketch
is one statlic-pressure distribution for suberitical operatlion of the inlet
after a small increase In back pressure caused the normal shock to Jump
from the throat position (distribution "C") t6 e position just shead of
the inlet face (distribution "D").
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The highest pressure recovery at which the inlet would run continuously

without the normael shock moving out in front of the entrance was recorded

as the meximum pressure recovery. It should be noted that for a given -
throat height, the meximum pressure recovery was not always obtalned at

the maximum contraction ratio.

Certain of the tests in the 1~ by 3-foot supersonic wind tunnel No. 1
at the highest Reynolds numbers were restricted in the inlet-ares varlation
availaeble due to the limited pumping capascity of the wind-tunnel equipment.
As a resuli, the largest throat openings could not be run at a Mach number
of 2.4k or at the highest Reynolds number at a Mach number of 1.99.

- RESULTS AND DISCUSSION

Pressure-Recovery Characteristics

Pressure recovery is usually presented as & function of mass-flow
ratio. In the present investigation, however, the mags-flow ratio was
always unity, so, for convenience, the preagsure-recovery data in this
report have been plotted against the dimengional persmeter, throat height.
In addition, the contraction ratio, Ao/Al, for each data point is shown.
These plots, with those of figure 2, allow replotting of the data in
gseveral additional forms 1f deslred.

The meximum total-pressure recoveries obtained with the unmodified
inlet are presented in figure 5, and those for the inlet with the wedge

‘or fillet inserts are shown in figure 6.% The results show that at all
Mach numbers the maximum total-pressure ratio accurred at the greatest

throst height available and indicated that the optimum throat height for
beet pressure recavery could not be attained because of mechanical 1limi-
tations. For small throat helghte at a Mach number of 1.90 (i.e., y, of
1.0 in. and 1.1 in. in fig. 5) the maximum pressure recovery was not
obtained &t the maximum contraction retio, so both the maximm total-
pregsure ratlo and the total-pressure ratio at maximum contraction ratio .
‘are included for  comparison. Since the pressure recovered by supersonic ;
-compreasion is proportional to the contraction ratio, these results for

small throat heights lead to the conclusion that the loss in preasure

recovery due to viscous effects (e.g., shock-wave-boundary-layer inter- -
action and separastion) absorbed the gain in pressure recovery which
resulted from the increased contraction ratio.

For the range of throat heights avallable with the present model, the
meximum contraction ratio at each Mach number was essentially independent
of throat helght (figs. 5 and §) except for & Mach number of 2.44, and for .
this Mach number the variation of maximum contrsction ratio was not large.

1For the model with filllet inseris the throat section is not rectan-
gular and the effective throat helght 1s consldered to be the throat area

divided by the throat width.
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In figure T, the maximum contraction retios obtained from figures 5 and 6
with both the unmodified and the modified models at each Mach number are
shown as a function of Mach number. Included in figure 7 are the line for
maximum contraction for isentropic f£flow and the line for maximum contrac-
tion for starting the flow (corresponding to an initial normal-shock loss)
in a fixed-contraction supersonic inlet (ref. 12). Comparison of the con-
traction ratios for the modified and unmodified inlets indicates that both
the modifications resulted in improved pressure recovery st the throat
(1.e., increased contraction). This increased pressure recovery and con-
traction is believed to be due to the more uniform rate of pressure rise,
as can be seen by comparison of the curves of figures 8 and 9. However,
an increase in pressure recovery at the throat did not always result in

gn increase in pressure recovery at the exlt rake station. (See Pigs.

6(a) aend (b).)

In order to obtaln more accurete date on both the pressure recovered
by supersonic compression Pty and the duct losses between the throst
and reke stations, & total-pressure survey was made nesar the throat with
a gingle pitot tube at a test Mach number of 1.90. This pitot tube was
located in the vertical center plane gbout 1/4 inch downstream of the
model throat. Results of this survey corrected for normal-shock losses
are shown in figure 10(a) along with the theoretical pressure recovery
caelculated from the pressure loasses through the two obligue shocks sheead
of the suxvey probe by use of the charts of reference 13. The center line
distribution of total-pressure recovery at the reke statlion is shown in
figure 10(b). Comparison of the distributions at the throat and rake
stations indicates that the total-pressure losses between the free-stream
and the throat stetion were about equal to those through the normal shock
and In the subsonic diffuser.

The effect of Reynolds number on the performance of the inlet was
investigated at a Mach number of 1.99. Results of these tests are pre-
sented in figure 11. The range of avallable Reynolds numbers was rather
restricted and the throat heightse for which data could be taken at the
largest Reynolds numbers were limited by the capacity of the tunnel pump-
ing equipment. An gttempt was made to simulate higher Reynolds number
test condltions by use of fine wires to cause transition to turbulent flow
in the boundary layer. The results do not indicate an improvement in
pressure recovery and it was concluded that the thickening of the boundary
layer due to the transition wires had probably masked any favorable effect
due to early transition. The results obtained without the trip wire
Indicate that there is a favorable effect on pressure recovery of increas-
ing Reynolds number, but that additional tests are needed for a wide range
of Reynolds numbers to establigh trends more clearly.

The effect of typlcal inlet-operation conditions on the flow uniform-
ity at the exit rake is illustrated in figure 12. Figures 12(a) and (b)
show the comparison of normal-shock and internal-shock operation st Mach
number 1.42. Although the region of highest pressure recovery is greater
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for internal-shock operation, the average total-pressure recovery was
less than for normal-shock operation (fig. 5). As would be expected from
the data presented in figures 6, 8, and 9 for a Mach number of 1.99, a
more uniform distribution of pressure ratlo was obtalned with the fillet
and wedge inserts (figs. 12(g) and (h)) than with the unmodified inlet
(£ig. 12(e)).

The results of the present investligatlion indicate several design
trends for variable-ares, varlable-internal-contraction inlets. As in
all inlets, a major factor that 1imits pressure recovery is houndary-
layer sepsration. The edverse effects of vwhat appears to be meparation
have been shown to be reduced by increasing throat helght which, with the
present inlet, was accompanied by a reduction in the divergence angle of
the gubsonic diffuser. It appears probable that a more gradual change in
slope of the varisble wall near the throat would be advantasgeous. The
effect of fillets was such as to indicate the desirability of nearly cir-
cular cross sections; thus, repid, but falr, transitions from rectangular
to cilrcular sections are indicated. To be consistent with this trend, the
duct cross section at the lip leading edge should have some corner radiil
at the fixed wall rather than square internal corners.

"Comparison With Other Inlets

A comparison of the total-pressure reccovery Ptg/Pt obtained in the
present investigation with the pressure recovery obtaine& with other
variasble-geometry inlets i1s made in figure 13. In this figure the curves
for theoretical normal-shock recovery and theoretical optimum three-shock
recovery, P, pt , from reference 14 are included for comparison. Figure
13 is not presen%ed to indicate relastive over-all performance of variable
inlets, for both pressure recovery and drag data are required for exact
net propulsive-force evalustlions for given operating conditions, and fur-
ther research is necessary to provide data for such evaluations.

CONCLUDING REMARKS

The results of this preliminary investigation have indicated that the
varlable-area, varlable-internal-contraction-inlet pressure recovery (e.g.,
total-pressure ratio of 0.89 at a Mach number of 1.90) 18 near that
obtained with other varisble-gecmetry inlets, even though the optimum
geometry for meximm pressure recovery could not be cobtained with the
present model because of mechanical limitetions. The net propulsive
force was not evaluated because no drag measurements were made. However,
since inlets of this type have nelther splillage drag nor unsteadiness
problems, and since the potential improvement appears large, further
investigation is warranted.
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The resulits obtained with the modified inlets indicate that the

degign of these iInternal-contraction inlets should include three factors.
These factors are: (a) a gradual fairing of the entrance to the subsonic
diffuser, (b) an internal shape which 1s as nearly axially symmetric as
is consistent with the method of shape variation, and (c) a uniform rate
of pressure rise during supersonic compression.

Ames Aeronasutical Laboratory

National Advisory Committee for Aeronautics
Moffett Field, Calif., June 23, 1955

REFERENCES

Watson, Earl C.: An Anslytlcal Study of the Compsrative Performance
of Six Air-Induction Systems for Turbojet-Powered Airplanes Designed
to Operate at Mach Numbers up to 2.0. NACA RM A53HO3, 1953.

Gorton, Gerald C.: Investigation of Translating-Spike Supersonic
Inlet as a Means of Mass-Flow Control at Mach Numbers of 1.5, 1.8,
and 2.0. NACA RM ES3G10, 1953.

Gorton, Gerald C.: Investigation at Supersonic Speeds of a Translating-
Spike Inlet Employing a Steep-ILip Cowl. NACA RM E5hG29, 1954.

Gorton, Gerald C., and Dryer, Murry: Comparison at Supersonic Speeds
of Translating-Spike Inlets Having Blunt- and Sharp-Lip Cowls. NACA
RM E54JO7, 1955.

Scherrer, Richard, Stroud, John F., and Swift, John T.: Preliminary
Investigation of a Varigble-Area Auxllisry Air-Intake System at Mach
Numbers From O to 1.3. NACA RM A53A13, 1953.

Allen, J. L., and Beke, Andrew: Force and Pressure Recovery Character-
igtlics at Supersonlc Speeds of & Conicel Spilke Inlet With a Bypass
Discharging from the Top or Bottom of the Diffuser in an Axial Direc-
tion. NACA RM E53A29, 1953.

Leissler, L. Abbott, and Nettles, J. Cary: Investigetion to a Mach
Number of 2.0 of Shock~Positloning Controls for Vasriable Geometry
Inlet in Combination With a J-3L4 Turbojet. NACA RM E5LkIo7, 195h.

Schueller, Carl F., and Esenwein, Fred T.: Ansalytical and Experi-

mental Investigation of Inlet-Engine Matching for Turbojet~-Powered
Aircraft at Mach Numbers up to 2.0. NACA RM E51K20, 1G52.



10.

1t.
12.
13-

1k,

J NACA RM A55F23

Comenzo, Raymond J.: A Preliminarj,Investigation of the Pressure
Recovery of Several Two-Dimensional Supersonic Inlete at a Mach
Number of 2.01. NACA BM I54D1k, 1954,

Stitt, Leonard J., and Wise, George A.: Investigation of Severa
Double-Raemp Side Inlets. NACA RM E54D20, 195k4. ) :

Davis, Wallace F., Brajnikoff, George B., Goldstein, David L., and
Splegel, Joseph M.: An Experimental Investigation at Supersonie
Speeds of Annular Duct Inlets Situated in a Region of Appreciable
Boundary Layer. NACA RM ATGl5, 1947.

Lukasiewlcz, J.: Supersonic Diffusers ARC. R.& M. No. 2501, British
R.A.E., June 1946.

Staff of Ames Aeronautical Laboratory: Eguations, Tables, and Charts
for Compressible Flow. NACA Rep. 1135, 1953.

Cswatitsch, K. I.: Pressure Recovery for Migsiles With Reaction :
Propuleion at High Supersonic Speeds {The Efficiency of Shock Dif- -
fusers). NACA TM 1140, 1G47.



Top and side plate 3 ¥ ia %
orifice locations m ; I \ /N §7 rifices in top plate located
%-I——Z-!i on inlet center ling

/Ruke

1
- 2 =
e _é. . BRI I . . -
A S 2 AT AR NN \\
/ Front flap Rear flop— __—— A~ \
: Rake station.—
l-lJi ob-i1+] ' \
& 33 a4 - 4% | 24 r—\l<>
: 16
_ ta0 Stal Sta 2
Leading edges of top plate, side plate 03 , Orifice plate
and movable flap ore 8° included angle # e 42 F l T
wedge -section i i
o --3: | 16 aqually spaced EX/
I .. A total head tubes
* ¢t e Rake station static l |

orifices

Z
All dimensions in inches o % o %%J; Throttling valve

DAMTAN
b1 —

Section A-A (Enlarged)

{

Figure 1.~ Sketch showing general arrangement and ingtrumentation for variable-asrea, varlable-
internal-contraction inlet.

5
[
2
&
o
3

1T



12 vt NACA RM A55F23

14 :
AA 15 L7 — 16 B\
12/////Knicul__,j7\>\
limitation B
10 ///// \\
2 1.3
2 L 1.2
g 4
. 1.1
2
oI.O Ll 1.2 1.3 1.4 1.5

Throat height,y, inches

(2) Front flasp engle, Bp.

4 s . % 15

— /1.4/

// 1.2 s
—T1

o
()

N

\
\

_—

—

]
——
—

Inket entrance area,A,,square inches

28 = ]
’ / / LO
24 ?
290 i 12 13 14 15

Throat height,y, inches
(b) Inlet entrance area, Ag.

Flgure 2.- Varilation of several geometric parameters with inlet throat
height for varlous contraction ratios.



NACA RM AS5F23 o 13

8+ ] Wedge insert cemented
5 A= to top plate
sf —2

NN ‘_\_\}}_\.\}\‘\}_\_\X\}{\\\\\\\\\\\\\\\\ '235 FSMANANNNNNN N
=O-e"at o7 PhleTat. e as _*__Z /
é é
ST e
| - Z 7z
A<—-I Section A-A
Section along inlet
center line
Wedge insert installation
A~ /.F%ef corner foired I Fillets cemented to top plate
3F smoothly at throat -3
T AR __{_
1
T Y
7 W
’
Section A-A

Section alond inlet
center line

All sections of fillet were similar
with some fillet rodius but with
dimension a varying from O to
0.75 inch.

Enlarged fillet
detail

Fillet insert installation

Note I. All dimensions in inches
2.Wedge and fillet installotions provided about
the same contraction ratio at the throat

Figure 3.~ Sketches showing the deteils of the wedge and f£illet
instellation.



SRR, NACA BM A55F23

™
—
|

| |

diffuser flap—/

i
|

/

/

/
/
/
/
/

™~
]

[/

equivalent conical diffusion angle, fcdeg

Subsonic Diffuser flap angle §,, deg and

-0
o

1.2 L3 L4 1.5
Throat height y; inches

(a) Original inlet.

N

)

Wedge insert
— —— Fillet insert

@
/

1/}

/
VI/
4

#]
i

J
//I

/
/

’

Subsonic Diffuser flap angle 84, deg and
equivalent conical diffusion angle, 8. deg
o

po.
[02]

(OR:] 1.0 1.1 1.2 1.3
Throat height Y, inches

(b) Inlet with wedge or fillet inserts.

Pigure L.- Variation of subsonic diffuser flap angle and eq_uivalent
conlcal diffusion angle with throat height.



NACA RM A55F23 N 15

20
< 18
< lh—\“
g =1
T 16
s fﬁi
§ l4\r’ f = s [ R¢ Q
e 1;——"‘"——§ j( I L
8 5 [
£ L2
g
E > O
=10 F
96 Intet operated as a
normal shock inlet
o2 with m;/me = .LO—,
88 ﬁ‘ = 1 A"
4 — |
I
S:B = o~ //‘S/
= =
= .80 e
g — 1 L1
8 A ———
e
g 7° M R
]
§ ® 142 .82x10°
g 72 ® 142 .82 *
£ o .75 82
= ¢ 190 160 =
g 68 A 1.99 .84
g h 244 86 *
————— Curve for maximum
84 pressure recovery
Gurve for maximum
contraction ratio
60 \ Flagged symbols denote
| ] repeat runs
(
o [T T 1117
710 L 12 13 14 15

Throat height y,, in.
Figure 5.- Variation of maximum pressure recovery and meximum contraction

ratio with inlet throat height for the unmodified inlet at Mach numbers
from 1.42 to 2.4k,



16 ] NACA RM A55F23

1.6
< 15
<
o Isentropic contraction
= lL4p—1—]—
o o —— — avaien s de—— e— b et f— v | o— —— —r— p—
1S
5 0
= 13 K> . —
Q
o
o
=
S 12
E S S OISR TS Uiy Ny T RIS Ty S M- U SRS S Ny Ty SN U pua
E | Starting coniraction /
g .
=
1.0
.92

L~
88 T 51
L~
86
:(/ / .
84 9 A~
=P

®
N
[

[e4]
O

Maximum pressure recovery, ptzlpto

© Original inlet
B Inlet with wedge insert

.78 ¢ Inlet with fillet insert
flagged symbols denote

76 repeat runs.

e .0 1.1 .2 .3 4

Effective throat height, y,, inches

(a) My = 1.75; R = 0.8kx10°

Figure 6.- Compsrison of the pesak performa.ncé of the inlets with modlified
and unmodifled internal geometry.

-



3Z

NACA RM ASS5F23

<
g 16
<
< 15
[=]
| S
S
= 14
[
<
€
8 13
£
g
= 1.2
[=]
=

86

84

Maximum pressure recovery, ptz/p*0
: N N ® ®
8 0 o o r

[N}
[\V}

N
(o]

| sentropic contraction|—]
o . r.l :r- :‘I
¢
JN I NN VNN U U SN SN U U (R A iy [ [N e e N Ty pe——
Starting contraction /
7713—0
L7
pd o 1
yo/// ";Z
/// ,/ //7
A = A
v
ALV T
A X
A1
0/ // o Original inlet
4 3 Inlet with wedge insert
// Olnlet with fillet insert
] flagged symbols dencte
repeat runs.
9 L.O Ll 1.2 1.3 14

Effective throat height, yle,_i.nches

(b) My = 1.99; R = 0.8hx10%

Figure 6.~ Concluded.

SR

17



18

3.0

NACA RM A55F23

- 2.8

- 2.6

24

2.2

© Unmodified inlet
& Inlet with wedge insert
¢ Inlet with fillet insert

2.0

AN

i.8

o]

~Contraction ratio, A /A,

1.6

/|

yd

Isentropic
contraction

/

1.4

.2

pd

\i-

st

/

—]

1.0

s

/

v

TN\

—- Starting contraction

| |

1.O

Filgure T.- Variation of meximum c

1.2 l.

4

1.6 .

8 2.0 2

Free stream Mach number, M,

number

2 2.4

2.6

ontraction ratic with free-stresm Mach



NACA RM A55F23

1.6

_~Stat
1.2

on O

Sfot'on 2\!
D

(a) My = 1.75; ¥, = 1.300; Ag/A; = 1.303

1.6
of I
[109 _—Station O |_—~Station | Lo—""]
o A L— Station 2
.12 I /Q/ N e~
g | /thF,a’
o |
% 8 —IE 1
: ]
[-}] .
5 4 /
A 4k
a
o 0
(b) Mg = 1.99; ¥, = 1.305 Ao/A; = 1.455
20 | ] |
| —Station O [//—Sichon | Station 2—
1.6 l
G
I o |
1.2 l
{ - @ Side wall orifices
.8 =='o = Top plate orifices
4 a / L=14 in.
affo! 0,
o - a
sl ‘o)"
l

2

3

) 5

8

g 8

Distance from side plate leading edge, x/L

(c) Mg = 2.4h; y, = 1.200; Ao/A, = 1.668

Figure 8.- Typical longitudinal statlc-pressure distributions for the
unmodified inlet at three Mach numbers (R = 0.84x10€).

T



20 ol NACA RM A55F23
|.6 i i - ' 1 - . 1
Station O I/Stohon I Station 27] S
1.2 —+
8 —} oA ,
o,% insert y,,in. Aq/A; Orifice
) position
4 a o fillet 1307 1318 top
I o fillet 1307 L3118  side
[ A wedge 1282 1308 side
o]uc
(a) Mg = 1.75
20 T - T
L -Station O Station | Station 2
o [
Iall:? L& 1
a I
=
3
‘G
8
¢
2 Insert y,_,in. Orifice
§ Ye Ao/ A position
a @ fillet 1307 1532 top
@ fillet 307 1532 side
A wedge (291 §S00 side
(b) Mo = 1.99
20 . " -
_Station O Station | Station 274
16 1 g1
[l
'-4 ‘I F
. A
’ | Insert y ,in. Ag/A Orifice
i position
4 l A wedge 1194 1756 side
O A 3 4 5 3 T B 9 10

Distance from side plate leading edge, x/L

(c) Mg = 2.44

Flgure 9.~ Typical longitudinal static-pressure distributions for the
inlet with wedge- and flllet-type 1nserts at three Mach numbers

(R = 0.84x10°%).

<IN



NACA RM A55F23 - 21

1.0

b
O
i

LA T

Theoretical pressure recover
based on the oblique shocl
patiern

-7 $ .T
.6
P4,
(5 =952
\d’ .5
o
E: 4 L— J-L
3
8 (e) Pitot survey near throat.
e
2 1.0
q’ R E——
P1
=2 .
Y (7., =857 N
.7
.6
Bl Static-pressure ratio, -g—
5 ks
4
o | .2 3 4 5 6 7 8 9 1.0
Top Non-dimensional duct height Bottom

(b) Distribution at rake station.

Flgure 10.- Comparison of the vertical center-line distributions of
pressure recovery at the throat and rake stations for the unmodified

inlet (yl

= 1.40 inches; Ay/A, = 1.410; M = 1.90; R = 1.60x10°%).

o



20 . R NACA RM A55F23

.7
—_—y T - —— epe— e —— T - v f— — _1__—1--——'
< NIsentropic contraction
< .16
&
215 S -
é % ;i#= i Y |
Q “ )
24
[~
(=]
(5]
'E 13 - -
= }Starting contraction
]
g NN I 724 N R U N N U O (OO S DY O
= )2
L.
88 R
o 40xi
86 o 84 v
¢ 110 »
A 84%n 3
84 % with tripped .
5 boundoary layer 44"
(=% _—
:_A“ Flagged symbols A
- B2 denote repeat runs // //uﬁ
= A
[ - P
g- // //
g VZ4 3
278 A /é
£ vd
E
276 >
.; -~
(=)
=
74
72
1O Ll 1.2 L3 14 1.5

Throat heighf,y. sinches

Figure 1ll.- Effect of variation of Reynolds number on inlet performance
for the unmodified inlet at a Mach number of 1.99.



NACA RM A55F23 S 23

— 15
80 —_

/\—875 __ 85
/\90’\ //’_-.%Q

95

N
— — e —
(a.) Mg = 1.42; R = 0. 82><1o6 (v) = 1.42; R = 0.82x105;
= 1.50; Ao/A, = 0.968 ¥y, = 1.b0; Ao/A, = 1.033

(Operating a8 & normal-
shock inlet)

\ S—— I
\—/ N — I
———
(¢) Mgy = 1.75; R = 0.82x10%; (da) Mo = 1.90; R = 1. 60xi06;
¥y = 1.450; Ao/A, = 1.30h vy, = 1.h40; Ag/A; = 1.400

Pigure 12.- Typical distributions of pressure recovery at the rake
statlion for each Mach number.



21 e . NACA RM ASSF23

\—-.70/ SO——— |
——| |

85 N

=)@
= =N

(e) = 1.99; R = 0.84x10°; (£) My = 2.4k; R = 0.86x10%;
¥y = 1.h0; A/, = 1.455 ¥i = 1.20; Ag/A, = 1.669
80 N\ 80

~ 85 /—_—ss

CSO |
Q ( 95

95

. ——————

~— . —— e

(8) Mo = 1.99; R = 0.84x108; (n) ¥, = 1.99; R = 0.84x108
¥y = 1.291; Ao/A, = 1.500; Yie = 1.307; Ao/A; = 1.532;
model with wedge insert. model with fillet insert.

Figure 1l2.~ Conecluded.



A 'pIotd £912veT - YOVN

1.OO prrremrwperee — ==fF == -
—u;-h\‘\ - Optimum |1hree shock recove P
~ S— T~ primu - Y By
.95 g { '/*—...__ N to —
, =4
) s
.90 % “"’q~\\
N \\"\.
o 85 N : o
e" Present Tests N \
S @ Unmodified inlet, y 1.40in, N\ N
- 80] @ Unmodified Inlef, y,,=1.20in. < AN
> ©® Unmodified inlst, y,,= .40in. (7-point center— N
o line average os In Ref. 9) '\ \
8 50 @ Inlet with wedge insert < N
= & Inlet with fillet Insert N\ \\
L N
a .70 Other Referances AN
[ ]
o ¢ Translating cone with low drag cowl (Ref.2) N \ \
0. ¢ Translating cone with steep lip cowl (Ref. 3} "\ \
85 @ Transiating cone with blunt fip cowl (Ret. 4) " Py _>\ \ H
A Tranglating cone with variabde by-pass Norma{-shock recovery, p—'
matched fo J-34 engine (Ref. 7 e \
60l @ variable double ramp side iniet matched 1o N ©
engine (Ref. 10)
b Variable flap-angle inlet (Ref 9) \
.56 " <
N
'5010 11 1.2 1.3 14 15 6 .7 1.8 s 20 2l 22 23 24 25 28

Mach number, M,

Figure 13.~ Comparison of the meximm pressure-recovery characteristiecs of the varlable-
area, varisble-internal-contraction inlet with the pressure recovery obtained with

other inlets.

Zy

€2IGCY W YOVN

-

<2



MR

N -

{
4



